SUMMARY Seven variables connected with the function of the neutrophil granulocyte were studied in 24 children who had undue susceptibilities to infections. The phagocytosis rate of IgG-coated latex particles by the patients' neutrophils was significantly reduced compared with an age-matched control group. The chemokinetic effect of patients' sera on normal polymorphonuclear neutrophil leucocytes was reduced too, especially in heated (56°C, 30 min) serum. Spontaneous chemotactic activity in the patients' sera was significantly lower than in sera from healthy adults and from the age-matched control group. A functional index based on the 7 variables of neutrophil function was constructed. The score of the functional index was correlated to the severity of the patients' clinical condition and discriminated well between normal children and those with undue susceptibility to infections.
Defence against bacterial infections mainly depends on the proper functioning of the neutrophil granulocyte. There are many reports that deal with defects of this function in adults. [1] [2] [3] [4] With the exception of the X-linked chronic granulomatous disease of childhood5 most reports on children have been limited to descriptions of single severely ill patients.6-9 However, frequent, but less severe, episodes of bacterial and viral infections are common in some children and an investigation of the neutrophil function in such children is therefore of interest. There have been two studies on this topic. In one, Hill et al.10 found a defective neutrophil chemotactic response in children with recurrent episodes of otitis media but only in those who also had chronic diarrhoea. The chemotactic activity improved when the patients became symptom-free, suggesting that the defect was secondary to the infection. In the other study Farhoudi et al.11 classified the defect into primary or secondary by studying the cell function of the parents ofchildren with defective neutrophil mobility.
We have studied some aspects of the neutrophil function in a selected group of children with higher than normal incidence of infections. The purpose was to evaluate the clinical applicability of certain tests and to investigate whether the patients' clinical symptoms were correlated to one serious defect or to a combination of certain defects. We also tried to gather information about the underlying mechanisms for the undue susceptibility to bacterial infections in order to find the correct treatment.
Patients
Each of the 24 patients was chosen because he had an undue susceptibility to infections-that is, at least 6 bacterial infections during the previous year (Table 1) . Most children, especially the younger ones (1-5 years), suffered from frequent upper respiratory infections with otitis. The total number of diagnosed infections with otitis varied between 8 and about 20. Many older children (6-13 years) had suffered from frequent middle ear infections earlier but their current problems were generally pharyngotonsillitis with fever every month, or every other month, and recurrent skin pustles. All children were investigated during a noninfectious period. The number of white cells was normal in all children. A slight hypogammaglobulinaemia (below the -2 SD limit for age) was found in one child (Case 18). This girl had been treated with monthly gammaglobulin injections for 6 months and during this time she had been free from any infection. Four children (Cases 3, 15, 23, 24) had an IgE value above the + 2 SD limit for age. In all children serum concentrations of IgA and IgM were normal. Serum complement concentrations (C3 and C4) were found to be normal or slightly raised in all children.
The control group comprised 8 children with allergy to birch-pollen (blood-sampling was done during a symptom-free period) and 12 children who were admitted to the hospital for operations of noninfectious diseases-such as abdominal hernia. The Serum-independent phagocytosis of IgG-coated particles by patient PMN. The ability of PMN isolated from the patient's blood to ingest IgGcoated latex-particles was studied in the absence of serum. The results (Fig. 1) show that the group of infection-prone children as a whole had a significantly (P <0001) lower rate of ingestion compared with the healthy adults and the control children. In 7 children we were able to repeat the measurement 6 and 12 months later, and in all 7 patients the rate of ingestion of the IgG-coated particles was similar on both occasions. for these possibilities normal PMN were used and their capacity to ingest IgG-coated particles was studied with the patient serum. With the exception of one patient (Case 7) no difference could be found between the control group and the patients, so gross deviations from the normal were thus excluded.
Migration of normal PMN in the presence of patient serum. When fresh serum was used there were no differences between the two groups of children with respect to the effect of their sera on random migration or chemotaxis (Fig. 2) . However, sera from 6 of the infection-prone children had an effect on random migration that was clearly inferior to that of the control group. In the presence of heated serum, random migration of normal PMN was as a whole significantly (P <001) reduced in the patients (Fig. 2) . The effects on chemotaxis were not very group.bmj.com on June 21, 2017 -Published by http://adc.bmj.com/ Downloaded from different, but the sera from 13 patients showed an activity which was below 84% that of the control sera; only 3 control sera had such a low activity. At follow-up between 6 and 12 months later, the activity was normal both for random migration and chemotaxis in most heated sera. However, the pattern for fresh sera taken at this time was more diverse. In some sera the activity was the same, but in others both higher and lower activities were found compared with the activity one year earlier.
Migration of normal PMN towards patient serum. The spontaneously existing chemotactic activity in serum from the infection-prone children was measured by allowing normal PMN, suspended in buffer, to migrate towards 10% fresh serum present below the filter. Fresh sera from healthy adults were used as the 100% control. Sera from the group of infection-prone children as a whole showed a significantly reduced (P<0 '001) chemotactic activity compared with sera obtained from healthy adults and with sera from the control group (Fig. 3) . At followup 6 to 12 months later activity was normal.
Effect of the addition of normal serum to some abnormal patient sera. Normal serum at a final concentration of 10 % was added to some sera from the infection-prone children which had shown a deviation from the control children in any of three different systems ( group.bmj.com on June 21, 2017 -Published by http://adc.bmj.com/ Downloaded from negative point for every variable that fell below the lower confidence limit of the 950% probability level.
Theoretically, the chance of finding an individual in a normal population with an Fl of -1 would be 0 025 x 7 x 100 =17-5%,anFIof -2(0025 x 7)2 x 100=3 1%,anFlof -3(0 025 x 7)3 x 100 = 0 * 5 Y, an Fl of -4 = 0 * 09 % etc. As shown (Fig.   4) , the infection-prone children had a greater number of negative Fl scores than expected. Individual scores of the patients are given in Table 1 . There seems to be a relationship between the degree of negative Fl scores and the diversity and severity of the infections.
Discussion
Impairment of the neutrophil function is a widely accepted cause of decreased resistance to bacterial infections. The impairment may have cellular or humoral causes. We chose to study 7 different aspects of neutrophil function. One aspect was a test of the cellular function and the other 6 were tests of the humoral conditions necessary for a proper cell function.
Phagocytosis was evaluated using a method which measures the kinetic uptake of opsonised latex particles by the cells.14 It has proved to be a very sensitive method and has been suitable for evaluating neutrophil phagocytosis in other groups of patients such as those with systemic lupus erythematosus, rheumatoid arthritis,'8 heat-burn,19 and uraemia.20 Our data show that the neutrophils of the infection-prone children have a reduced capacity to ingest IgGopsonised latex particles, and that the reduction is a cellular defect as the patients' sera did not inhibit normal cell phagocytosis. The reduction was probably not an acquired defect caused by the frequent infections, as the presence of an infection might have been expected to stimulate phagocytosis.2' Furthermore the phagocytosis rate of the neutrophils in 7 children was unaltered after a period during which there was clinical improvement in the frequency of infections.
The finding that some of the patients' sera were less effective in stimulating neutrophil migration, especially random migration, might be explained theoretically either by a lack of stimulating factors or by the presence of inhibitors. For example, high IgA concentrations have been shown to inhibit neutrophil chemotaxis.22 This possibility can however be excluded by the normal serum levels of IgA in all patients. The presence of inhibitors was probably excluded by the fact that the activity was restored in all patients' sera by adding normal serum. The defect is more likely to be caused by a deficiency in these sera.
The cause of the deficiency could be a consumption of the 'factor' due to the presence of a subclinical infection. This notion is supported by the finding in heated serum that most children who had normal activity when followed up some time later also had an improved clinical condition. The tendency towards normalisation in fresh serum was much less clear; this probably indicates that several factors both heat-labile and heat-stable are active in the serummediated stimulation of PMN migration.31 There are other explanations for the less effective stimulation of migration by the patients' sera. One such explanation is that the cells had been deactivated by spontaneously existing heat-stable chemotactically active components such as C5a. 23 This explanation is unlikely since spontaneously existing chemotactic activity in the patients' sera was significantly reduced compared with control sera, and in other experiments the existing activity was found to be heat-labile. 31 The low spontaneous chemotactic activity in patients' sera also tended to become normal in parallel to the improvement of the clinical condition, suggesting that the defect was caused by the infections. The nature of this particular defect is probably diverse. In 2 sera the addition of normal serum made the activity become normal, suggesting a deficiency similar to that described above. In the other 2 sera the activity was unaffected, suggesting the presence of inhibitors of chemotactic activity. Similar activity has been described in many other groups of patients24 and has also been isolated and characterised by With the exception of a few children who had profound defects with respect to only one variable, the most severely ill children were generally to be found among those who had the highest Fl scores. Thus there appears to be a relationship between the clinical condition of the children and the results of the tests made in this study. This also indicates that the major cause of decreased resistance to infections is more often the entire effect of several minor defects.
The reduced phagocytic activity of the PMN seems to be a primary defect whereas the defects found in the sera from the patients are likely to be secondary to the infections. One could therefore speculate that one mechanism operative in the development of an increased infection-propensity is initiated by a heavy challenge of a bacterial or viral infection in an individual with a reduced resistance. Due to the slow elimination of the pathogen either due to a defective phagocytosis or due to other defects such as cellular defects of migration or killing capacity the infection sustains in the organism producing secondary changes in other important systems. These secondary changes reduce the host's ability to eradicate the pathogen or give rise to an increased susceptibility to the attack by further pathogens. So the patient ends up in a vicious circle with one infection after another. Several other examples of secondary changes caused by the infection either viral or bacterial,27 have also been described, these include reduced bactericidal capacity,28 reduced content of bactericidal granule proteins,29 and migration defects.30 infection-prone children. 
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